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The past 30 years have witnessed growing concern about HIV/ AIDS infection in sub-Saharan Africa generally and the southern African region in particular, where the highest rates of the epidemic are recorded to date. [1] The prevalence of the disease has orphaned many children and adolescents and caused school dropouts owing to disrupted family structures resulting from parental HIV positivity and subsequent deaths. This impacts negatively on adolescents' physical, social and psychological welfare, inter alia. [2, 3] Given that the risk of school dropout is very high at the secondary level of education for adolescents generally, [4] HIV infection has been found to further intensify the threat to completion of secondary education for adolescents living in areas with higher incidences of HIV. A number of studies have established a link between AIDS orphanhood and school attendance among children and adolescents. [4] [5] [6] Other studies have also established a link between parental HIV status and their perceptions of their children's school participation, [7] and between children's and adolescents' HIV/AIDS status and behavioural, psychological and psychosocial problems. [2, 8, 9] Children and adolescents affected by HIV/AIDS are often vulnerable to discrimination, deprivation, victimisation, forms of abuse and dropping out of school, among other issues. [4, 5, [9] [10] [11] For example, Watkins et al. [4] explored the perception of HIV/AIDSorphaned adolescents in South Africa about factors influencing their secondary school attendance. The findings showed that complex and interconnected risk factors that obstruct secondary education completion include sporadic changes of school, recurring household migration, forced employment, and poverty before and after parental death, among other factors. A similar study in Zimbabwe by Pufall et al. [6] showed that although HIV status did not impact negatively on the educational outcomes of children aged 6 -17 years, HIV/AIDS-orphaned children had a lower likelihood of being in the appropriate grade for their ages. Also, Islam et al., [10] in a review of literature on the contemporary experiences of children born or living in households affected by HIV, found that such children are likely to suffer social isolation which will probably impact negatively on their self-image and future life opportunities.
The reviewed studies have clearly demonstrated the negative effect of HIV/AIDS among parents or other household members on the educational outcomes of children and adolescents, yet none of these studies has been able to evaluate the effect of children's own HIV infection on their educational outcomes in adolescence. Based on life-cycle theories, numerous studies have shown that children's poor health, particularly during the first years of life, is likely to negatively affect their education. [12, 13] Assessing the effect of children's own HIV infection on their school enrolment and progression at the adolescent stage is therefore necessary to understand whether or not the pattern of influence of parental infection on adolescent educational outcomes differs from that of the children's own infection. The present study aims to evaluate the effect of HIV infection on educational outcomes at adolescence. More specifically, it aims to distinguish the effects of parental/ caregiver infection from those of children's own infection. South Africa, having the highest number of new HIV infection in the southern African region, [14] is a suitable context for addressing these objectives.
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Method
Data collection
To address our research objectives, we used waves 1, 2, 3 and 4 of the National Income Dynamics Study (NIDS). NIDS is a national panel survey conducted by the Southern Africa Labour and Development Research Unit (SALDRU) at the University of Cape Town (UCT) under the initiative of the Department of Planning, Monitoring and Evaluation (DPME). The first wave began in February 2008, waves 2 and 3 followed in 2010 and 2012 respectively, and wave 4 was conducted between September 2014 and August 2015.
Sample
Following the definition of the World Health Organization (WHO) which considered an adolescent as a person between 10 and 19 years of age, [15] our sample was limited to individuals who were in that age range at wave 4. Thus, 8 835 adolescents constituted our study sample. With respect to the main outcome, the sample size has over 80% statistical power.
Outcome variables
We analysed two educational outcomes. The first one is school attendance, a dummy variable taking the value of 1 if an adolescent was enrolled in school during wave 4, and 0 if not. The second outcome variable is the school progression index measured as per Patrinos' and Psacharopoulos' formula. [16] Given that in South Africa the age requirement at school entrance is 5 years, [17] E is 5. Owing to the fact that NIDS data allow clear identification of the number of years of education completed only from grade R till 12, the analyses with this variable involved those who reported no education and years of education completed until grade 12. This index allows adjustment of the number of years of education from a child's age. Hence, a school progression index ≥100 means a good school progression, while a school progression <100 means some school delay.
Independent variables
The main explanatory variable of interest in the present study is HIV infection during childhood or early adolescence. It is a dummy variable taking the value of 1 if an adolescent reported an HIV infection during one of the previous waves of the survey (i.e. waves 1 to 3) while they were aged 0 to 14. The control variables used were those found in the literature to influence the education of children affected by HIV/AIDS. [18, 19] These included the HIV status of the household head (HH) and of other members of the household; the individual characteristics of the adolescent, such as age, gender and whether they were orphans, in 2012; the living arrangement such as relationship to the HH, the HH's age, gender and education; and the household size and monthly household expenditure divided by 100 000. As rural and urban areas were not part of the publicly released NIDS data, the regions have been grouped according to population density based on the census of 2011. [20] We did not control for race in our estimation because almost all our sample of HIVpositive adolescents were black Africans (90%).
Data analysis
We present means/proportions and standard deviation of both dependent and independent variables as part of univariate analyses. The outcome variables were captured in 2014/2015 (wave 4) and the independent variables before or in 2012 (waves 1, 2 or 3) to isolate a temporal effect. The association of independent variables with school enrolment was assessed using the chi-square test and t-test for comparison of means, while a Wald test of association was used to evaluate the association with school progression. The multivariate analyses were done using a logistic regression for the school enrolment outcome and linear regression model for the school progression index. To determine the relative contribution of the explanatory variables to enrolment and school progression in adolescence, decomposition was performed using the Oaxaca and Ransom methods. [21] For all analyses, we adjusted for the NIDS design weight.
Results
As shown in the first column of Table 1 , only 92.2% of adolescents were in school in 2014/2015. The mean school progression was 86.81. The p-value reported in column 4 shows that there was no significant association, at 10% level, between school enrolment and HIV status of the adolescent, HH and other family members. However, school attendance was significantly associated with age, father's survival, HH's education and household monthly expenditures. All the variables appeared to be significantly correlated to school progression except the HIV status of other family members and the HH's age and gender, as shown by the p-value in column 5.
HIV status
Columns 1 and 2 of Table 2 show that HIV infection contracted on or before 2012 had no effect on adolescent school enrolment. Similarly, other household members' HIV infection did not affect their school attendance. The first and second columns of Table 3 show that HIV infection contracted during childhood or early adolescence reduced adolescents' school progression significantly, by an average of about 8.41. The HH's HIV infection also reduced adolescents school progression, but only by an average of 4.11. However, once the other control variables were controlled for, the effect of the HH's HIV illness was no longer significant (column 2). In contrast, HIV infection of another household member had a positive effect (by an average of 2.64) on adolescents' school attainment. Table 2 shows that as age increases, the odds of attending school decrease by 47%. On the other hand, adolescents' age was associated with a slower school progression, while being female increased the latter by an average of 6.72. Parental survival appeared not to be significant.
Adolescent individual characteristics
Living arrangements and geographical location
The odds of being currently in school among adolescents living with a female HH were 2.19 times those living with a male HH. Similarly, the odds of school attendance were 2.19 times higher for adolescents having a HH with secondary, higher or vocational education compared with those with a HH with no, or primary, education. Compared with children and grandchildren of HHs, adolescents who were close relatives to the HH had a school progression 1.84 times higher. Adolescents with older and better educated HHs had a school progression higher by 0.10 and 5.54 times, respectively. An increase of the household size by 1 person was associated with a school progression decline of 0.18 times. An increase in the monthly expenditure of the household by R100 000 resulted in an augmentation of adolescents' school progression index by an average of 12.51. Compared with adolescents living in high population density areas, those living in middle and lower density areas have a school progression index lower by an average of 2.89 and 4.01, respectively.
Decomposition results
The first panel of Table 4 shows that there was a difference of 3% in school enrolment between the HIV-negative and HIV-positive adolescents. However, this difference appears not to be significant, ARTICLE and hence no decomposition was produced. HIV contracted during childhood and early adolescence resulted in a significant school progression index gap of 10.26 between the HIV-negative and HIV-positive children. The second panel shows that 18% of this gap was explained by the independent variables. The last panel displaying details of the decomposition shows that only 3% of the gap was explained by household members' HIV infection, 11% by adolescent individual characteristics, and 8% by living arrangements. Geographical location contributed to reducing this gap by 4%. The main part of the gap (84%) was unexplained, which might be attributable to discrimination towards HIV-positive adolescents, and also unobserved characteristics associated with their HIV infection.
Discussion
In the present paper, we provide empirical evidence of the effect of children's HIV infection on their educational outcomes at adolescence, with specific focus on school enrolment and school progression. The main findings are twofold: firstly, HIV-positive status among adolescents does not have any significant influence on school enrolment but negatively affects school progression; and secondly, the HIV status of household members played a minimal role in adolescents' school enrolment and progression.
These results re-echo the complex relationship between adolescents' HIV infection and educational outcomes, especially in resourceconstrained settings. [6] The pattern of the relationship differed, depending on the outcome measures. [6] The explanations for these results are not far-fetched. The negative impact of HIV positivity may not be obvious at the time of school enrolment, which may be the reason why there was no significant difference in enrolment between HIV-positive and HIV-negative adolescents. Also, differential school enrolment between HIV-positive and HIV-negative children could not have been expected because schools are not supposed to discriminate on the basis of HIV serostatus. Similarly, no parent or guardian would choose to keep their children from enrolling in schools because of suspected or confirmed HIV infection. [9] Lack of effect of HIV positivity on school enrolment is a positive outlook in the fight against HIV stigma and discrimination; it implies that no child or adolescent will be kept out of school owing to HIV. In contrast to enrolment, lower school progression attributable to HIV positivity is a source of concern for adolescents' educational and other developmental outcomes. Although a deeper understanding of the underlying explanations for this relationship is beyond the scope of the data we analysed, there are some clues from the literature. In the absence of adequate treatment coverage and nutritional interventions, HIV infection tends to negatively affect the psychological development of children and adolescents; [7] the immediate effect of this would reflect in their school progression.
Further results from our decomposition analysis revealed that individual adolescent's characteristics, rather than living arrangement, played greater roles in explaining differences in school progression between HIV-positive and HIV-negative adolescents. The main individual characteristic was female gender, while secondary education by HH and total expenditure were important as part of the living arrangement. School progression was better for female adolescents and for those living in households where the HH had at least a secondary education. To foster gender equality, it is necessary to pay attention to school progression among male adolescents. Similarly, special attention needs to be paid to adolescents living in households headed by persons with education below secondary level. The proportion of unexplained differences in school progression may be attributed to other unmeasured variables, such as stigma, but we are cautious to label this as stigma.
Our analyses were affected by some limitations. The most notable is the length of time covered by the longitudinal data. A short space of time, such as 3 -4 years, may not be adequate to unravel the longitudinal effect of HIV status on educational outcomes. Secondly, the prevalence of HIV in the study cohort is low, which may explain why some key variables were not statistically significant. These limitations notwithstanding, we have provided useful evidence on the relative contributions of HIV status of adolescents and household members to educational outcomes among adolescents.
Conclusion
The present paper aimed to evaluate the effect of HIV infection on adolescents' educational outcomes, by making a distinction between the effects of adolescents' own HIV infection contracted during ARTICLE childhood and that of other household members. It appears that HIV infection has no significant effect on school enrolment among adolescents. However adolescents' own HIV infection is a cause of a significant gap in school progression. The HIV status of household members played a minimal role in adolescents' school enrolment and progression gap. Future studies based on larger datasets and longer periods of followup are recommended to generate more robust evidence on the relationship between HIV status and educational outcomes. 
